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Arbitrary amplitude nonlinear waves
in a four-component quantum plasma

Abstract: Based on the approach of arbitrary amplitude Sagdeev pseudo-potential, the fully
nonlinear structures, such as soliton and double-layer waves, of a four-component quantum plasma
system have been extensively investigated. The plasma system under consideration consists of inertial
positive and negative dust species and inertialess quantum ions and electrons. For simplicity, the dust
grains are considered to have a constant surface charge. For typical plasma parameters, like Mach
number, temperatures ratio, densities ratios and quantum parameter, the bifurcation analysis enables us to
distinguish three types of nonlinear waves, namely compressive soliton, rarefactive soliton and double
layer depending on the magnitude of the configurational plasma parameters. The formations and the
existence ranges of both solitons and double layers are studied and found to be highly sensitive to the
values of the chosen plasma parameters and the quantum indices as well. The implications of the obtained
results have a wide relevance in the study of space and laboratory quantum dusty plasmas where the
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positive and negative dust particulates are presented, and quantum effects are taken into account.
Key words: Four-component quantum dusty plasma; Sagdeev pseudo-potential; Solitary waves and

double-layers

Introduction

The topic of propagating linear and nonlinear
waves in quantum dusty plasma had a great deal of
interest due to its wide application in quantum
plasma media such as in high-intensity laser-
produced plasmas, dense astrophysical objects and
ultra-small electronic devices [1-5]. It is well known
that dusty plasma is the most general form of
plasmas in most of space and astrophysical bodies
which comprising with electrons, positive ions,
neutral molecules and massive micrometer-sized
charged dust grains. In addition to plasma
laboratory, dusty plasmas are also observed in
pulsar magnetospheres, active galactic nuclei,
planetary rings, solar atmosphere, interstellar
medium, comet tails and noctilucent clouds [6-14].
Dusty plasma may have dust grains with negative
charge, dust grains with positive charge or may have
both types of dust grains depending on the charging
processes [15-17]. Due to the presence of large
number of charged particles in dusty plasma media,
many reports indicate that there are two sorts of
low-frequency waves in dusty plasmas, called dust

© 2022 al-Farabi Kazakh National University

acoustic (DA) waves and dust-ion acoustic (DIA)
waves [18, 19]. Consequently, investigation of
nonlinear wave characteristics in such media has
been studied by many researchers [18, 20, 21].
Mannan and Mamun [18] studied the DA solitary
waves associated with general and realistic self-
gravitating dusty plasma medium composed of
positive and negative charged warm dust grains as
well as non-thermal ions. The population effect of
non-thermal ions is examined and found that it
modifies the basic properties of the obtained DA
solitary waves. Khaled et al. [20] studied the
presence of DA solitary waves in a dusty plasma
medium with opposite polarity of dust grains and
Maxwellian distributed electrons and ions taking
into account the polarization force effect. They
observed that the propagation characteristics of the
obtained DA solitary waves are significantly
modified due to the polarization force effect. In
Farooq et al. [21] work, they investigated the
polarization force effect on the nonlinear properties
of DA solitary waves in a four component dusty
plasma composed of positive and negative dust
grains, non-Maxwellian electrons follows hybrid
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Cairns—Tsallis distribution and Maxwellian ions. As
a result of the presence of non-Maxwellian
electrons, it is found that the polarization force
acting on negatively charged dust is different from
that acting on positively charged dust.

In quantum plasma media, the plasma behaves
like degenerate plasma when its components are at
higher densities and low temperature as well as the
thermal de Broglie wavelength of charged species
becomes same or larger than the inter-particle
distance [22-24]. Quantum effects of plasma species
are found to play an important role in many plasma
physics applications such as in ultra-cold plasmas,
ultra-small  electronic  devices, nanostructure
devices, semiconductors, laser produced plasmas as
well as in astrophysical plasmas such as interiors of
white dwarfs and neutron stars [25-30]. In quantum
plasma, the classical hydrodynamic equations are no
longer suitably at all and should be modified [31],
where the Bohm potential term may be added in the
momentum equation. This of course makes the
procedure of finding an explicit form for the
pseudo-potential function very difficult. This leads
some authors [32, 33] to restrict their studies only
on small amplitude nonlinear wave’s
approximations, accordingly. The presence of
different types of nonlinear waves such as solitary
waves, shock structure and double layers in
quantum dusty plasma had been investigated by
many researchers in the framework of KdV-type
equations. For instance, El-Hanbaly et al. [32]
investigated the propagation characteristics of DA
solitary waves interaction in four-component
quantum dusty plasma and the quantum effects of
plasma species are discussed. They found that the
quantum parameters of electrons and ions played an
important role on the features of the DA solitary
waves such as phase shifts in trajectories due to
collision. Nonlinear properties of DA solitary waves
considering dust polarity effects as well as electrons
and ions quantum effects in magnetized quantum
dusty plasma were analyzed by Gao [33]. By
performing numerical analysis, he found that the
nature of solitary waves was modified depending on
the effects of quantum electrons and ions. However,
most of these studies have only focused on the use
of reductive perturbation technique.

In order to investigate the fully nonlinear
structures in quantum plasma, Sagdeev pseudo-
potential technique and bifurcation analysis have
been widely used [34, 35]. For example, Abulwafa
et al. [34] have used the Sagdeev pseudo-potential
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technique and bifurcation analysis to study the
properties of DA double-layers in four-component
dusty plasma with g-non-extensive distributed
electrons and ions. They investigated that the
behavior of the double-layers solution is extremely
sensitive to the non-extensive parameters of
electrons and ions as well as the Mach number
strength. El-Monier and Atteya [35] used the
bifurcation analysis to investigate the DA wave
propagation in four-component dusty plasma.
Abulwafa et al. [36] investigated the formation and
propagation of small amplitude nonlinear waves in a
four-component quantum dusty plasma. Therefore,
we plan to extend the previous our study by
investigating the fully nonlinear arbitrary amplitude
waves in quantum dusty plasma by employing the
Sagdeev pseudo-potential technique and bifurcation
analysis. The effect of physical parameters such as
Mach number M, dust charge-mass ratio R,
temperature ratio O , electron density ratio x,, ion

density ratio g and electron quantum parameter H.

are studied and found that they play vital role on the
formation of both compressive and rarefactive
solitary waves and on the creation of compressive
double layers.

The quantum dusty plasma basic equations are
presented in Sect. 2. Sagdeev Pseudo-potential and
phase portrait analysis are derived in Sect. 3.
Nonlinear analysis are explained and discussed in
Sect. 4 while in Sect. 5, the conclusion is provided.

Basic Equations

Quantum dusty plasma system has four
components comprising of inertial positive and
negative dust species and inertialess quantum ions
and electrons is considered. Such dusty plasma
medium can be existed in many astrophysical
situations such as Jupiter's magnetosphere, upper
and lower mesosphere and comet tails [37-41]. For
simplicity, the dust grains are considered to have a
constant surface charge. The normalized basic
equations of the considered system are described as
follows:

The dynamic equations for quantum electrons
and ions are described by

0
ox 7 ox |
sz a( 1 82 s ( )
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where j = e and i refer to electrons and ions,
respectively. n; represents the density number, H j

= (hw,y | C)\[Z_ [(mm_) =
ha,, ((kgTg;)\Jm_/(m;Z_) is the quantum factor

that is defined as the ratio of the quantum energy to
the  thermal energy of the  particle,

Cy=(kpTrZ_/m_)"? is the DA

2 2

a =[4my_(Z_)"e

frequency and the temperature ratios are
0, =0=Tp,/Tp;, o;=—1 and 6, =1, 6; =—

Both continuity and momentum equations for
the two dust species are given by

speed,

/ m_]l/ 2 is the dust plasma

oy O(nyuy)

=0, 2a

8t Ox (22)
iy Ok g, O g, (2b)
ot 6x ko

where £ = + and — refer to positive dust and

negative dust, respectively, n; is the particle density
number, u; is the particle fluid velocity and the dust

charge-mass R,=R=a/p where

a=7Z_/Z_and f=m_/m_ while R_=-1.
Finally, the Poisson's equation of the given

quantum dusty plasma system can be written as

ratios are

O’p/ox* —n_+ p,n, — U, + in; =0. (3)

The following normalizations x— x/Apy,
t—)ta)pd, I’lj(k)—)l’lj(k)/}’loj(k), uj —>uk/Cd,
d dn; o;
M_ ajnj(g”)ﬁjt—J
dg dg 2

@ —> ed/(2kpTr;) have been applied into (1)-(3). In
the above equations, ¢ is the electrostatic potential,
19 (k) refers to the unperturbed plasma species
density number. Here,
Apg =[2kpTr; I(4my_Z_e*)]'"'? is the dust Debye
length and the species density ratio is
U :Zjnoj/(Z_nO_). In addition, kg, Trj» Z,

m ) and e refer to the Boltzmann constant, the

species type Fermi temperature, the number of
electronic charge residing on the surface of the dust
particle, the particle mass and electronic charge,
respectively.

The quantum effects due to dust grains are
ignored in the considered model as they have large
inertia in comparison with both electrons and ions.
In addition, the two quantum factors H, and H;

= Jm;/m, .

Sagdeev Pseudo-potential Analysis

are governed by the relation H,/H;

To investigate the existence and propagation of
the arbitrary amplitude localized electrostatic waves
in the plasma system under consideration, we
consider moving coordinate ansatz

S=x—-Mt, “)

that moves parallel to the mentioned waves with
Mach number M.

Inserting the travelling wave transformation (4)
in the system of equations (1) and (2), one gets a
system of nonlinear coupled ordinary differential
equations, viz.

2
g4 b4 rienso

p 4n(©) | dln (D (] _

% i (6a)
du,(£) du (&) . d)
M i +u, (&) ¢ +R, e =0, (6b)
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while the Poisson's equation can be rewritten as

d*e($)/ds” =n_({)-

- (7
—pn (&) + 4, (&) = g (&)

where all physical quantities in (5) and (6) become
only functions of a single variable ¢ .

With appropriate boundary conditions, viz. n —1,
dn/dé —>0,u—1 and ¢ >0 as ¢ — oo, the

forms of density functions 7, of electrons and ions

and 7, of dust particles in terms of electrostatic
potential ¢ can be explicitly obtained after

integrating (5) and (6) as

11 (0) = 1+ 26(0)) 0,148, (HE 1o L 260 0,1 P11+ 200 141 (8)

me (&) = MIM* 2R ¢ )

By looking upon (8), one may see that the
density function of both electrons and ions 7 ;(¢)

depend obviously on the corresponding quantum
factors Hj, whereas (9) shows that the dependence of
dust densities n; (&) on H; is not exist. In addition,

in order to guaranty the plasma state variables
n;, (&) are analytical functions (i. e; real) we have

to recall the well-known classical inequality,
p<@_ . =M"/(2R,) where ¢, refers to the

maximum value of ¢ (the amplitude of nonlinear

waves in the plasma). However, it provides us a
useful check for high amplitude limits in terms of
the dust charge-mass ratio R and Mach number M.
Inserting the forms of n;(¢) and ni (&), (8) and

(9), into the reduced Poisson’s equation (7), one
obtains

d*¢/d? = — p(g), (10)

where the charge density o(¢) is represented by

o(d) = —MI\M?*+2¢ + u,M/|M?*-2R¢

- ,ue\/(l +2¢/0)+(H? o) 1+2¢/0) V4 d*(1+2¢/ )4 1d s>

+(=29)+ HA(1=29) a2 (1= 29 1ag.

Now, the advantage of using Sagdeev pseudo-
potential technique is that the four-component
quantum system equations are reduced to a single
equation (10). This implies that studying the fully
nonlinear structures of the plasma system is
equivalent to study the solution of (10).

Multiplying (10) by d¢/d¢ and integrating
once, the order of (10) is reduced by one and can be
written in the form of an energy balance integral
equation

dg/dOV 12 +V(g)=E,  (12)

where

Vg =~ dgp@). (13)
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(11

and F is the integration constant. The first term of
(12) refers to the kinetic energy whereas V(¢g) is
known as Sagdeev pseudo-potential energy
function. This procedure is called Sagdeev pseudo-
potential formalism. Using appropriate boundary

$=dg/dl =d*¢/dl* >0, at
¢ — *oo, the right side of (12) goes to zero.

Having integrated (13), ¢ = +J‘¢d¢'1/—V(¢') ,

the existence and propagation of the fully nonlinear
structures in our plasma system can be identified
exactly.

It is noted that knowing the explicit form of the
Sagdeev potential V' (#) enables us to obtain the

conditions
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maximum and minimum values of the Mach number
(Mmax, Mimin) at which the permitted nonlinear waves
exist. The maximum value of Mach number M.«
can be defined, in terms of plasma parameters, by
solving the algebraic equation V(@) =0 for M

where ¢_ = M?/(2R,), the maximum values of

max
the electrostatic potential ¢ for compressive and

rarefactive waves. But on the other side, the
minimum value of the Mach number A,,;, can be

determined by solving the inequality d°V /d¢> <0

at ¢=0. The interval of Mach number (Myin—
M) leads us to identify the existence range at
which the formula of nonlinear waves exists and
propagates in the plasma model. It is anticipated
from the above analysis that the existence and
propagation of the nonlinear waves in the plasma
system requires the values of Mach number M
included in M, <M <M., otherwise, the
existence of nonlinear waves is not possible.

With the knowledge of the explicit form of
Sagdeev potential function V' (¢), the existence
conditions for the localized nonlinear waves are
readily examined. However, the conditions for
solitary waves to exist are:

1) V(@g)=dV /dg=0 at ¢$=0, which implies
that the associated electric field ( E(¢) = —d¢/d< )
and the charge density p(¢) equal zero at the origin

(¢=0). Also, at the origin the potential condition
a’zV/d¢52 < 0 should be satisfied, implying that the

curve has maximum at (0,0) and hence the origin

can be viewed as fixed unstable point.
(ii)) The final condition ¥V (¢)<0, is necessary

for obtaining the configurational plasma parameters
for which this condition holds. This means that the
electrostatic potential ¢ follow the interval
0 < @ < Prax for compressive waves or @, <@ <0
for rarefactive solitary waves. Here, ¢, denotes
the first non-zero root of V' (¢)=0.

On the other side, the existence of the double-
layer requires the following two conditions:

1) V(p)=dV/dp=0 at $=0,and ¢ =@y -

(i) d2V/d¢* <0 at $=0,and ¢ =g, .

Therefore, we are interested to specify the fully
nonlinear structures propagating in the plasma

system. The crucial point of this methodology is that
the form of the Sagdeev potential function should be
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known explicitly by integrating (13). Since the
integration procedure is very difficult task, it is
convenient to deal with such equation numerically.
Then, we recall the bifurcation analysis to
investigate the behavior and properties of the fully
nonlinear structures graphically. In addition, the
impact of some relevant plasma parameters on the
nonlinear waves can be also examined.

Nonlinear Analysis

First, we shall investigate the influence of the
physical plasma parameters such as (Mach number
M, dust charge-mass ratio R, temperature ratio O,
electron density ratio x,, ion density ratio z; and
electron quantum parameter H.) on the profile of the
nonlinear structures. The obtained results can be
summarized in Figures (1) — (5), where the physical

Neo ~2x10°0m=3

nyo ~1x10%%m =3,

plasma follow

Tr, ~1.0x10%K ,
Ty ~1/6x10°K, n_g~5x10%m™, Z_=~10°,
m_ le_”kg,

m, ~10" kg [2, 42, 43].
In Figs (1), the Sagdeev potential function
V(4), phase portrait (@,d@/dl), electrostatic

potential #(£) and associated electric field E(S)

are shown graphically for different values of the
Mach number M. The chosen values of the Mach
number M are taken in our calculations according to
the allowed interval (Myn — Myax), where the other
physical parameters are R=10, oc=6.0,

u, =40, 1;=2.0, H,=0.3. Note that the width

of the Sagdeev potential well means the amplitude
of the solitary wave and its depth refers to the slop
of the solitary pulse. In Fig (1a), it is seen that the
dash-dotted potential curve (M = 1.255) and dashed
curve (M = 1.265) refer to the coexistence of both
compressive and rarefactive localized pulses.
Obviously, increasing the Mach number, the
potential well gets wider and deeper. This means
that faster electrostatic pulse gets taller and narrower
as the Mach number increases. Also, it can be seen
that the amplitude and width of the rarefactive
solitary waves are clearly greater than those of the
compressive waves. The corresponding trajectories
in the phase portrait diagram (@,d¢/d¢ ), Fig (1b),

have obviously two stable centers at (¢,0) and

parameters

noo~1.5x102"m™>, 7, ~10°,
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(#,,0) beside one unstable saddle point at (0,0),

where @ and ¢, are the values of the electrostatic
potential ¢ at which the Sagdeev potential V' (¢) is

minimum. The trajectories enclosing the two centers
points and passing through the saddle point is called
homoclinic orbits, which refer to stable solitary
waves. The profiles and properties of the solitary
waves @¢({) and the associated electric field E(S)
are shown graphically in Figs (1c) and (1d). Now, it
is concluded that our plasma system supports the
formation of both compressive and rarefactive to
coexist in this plasma configuration. Moving to
higher value of the Mach number, the dashed line
curve in the potential diagram, Fig (la), shows
another feature of the nonlinear waves. The dotted
curve at M =1.27278825 denotes to the
coexistence of both compressive double-layer and
rarefactive nonlinear solitary wave. The existence of
double-layer can be seen as a sudden change of the
electrostatic potential pulse @#({) due to the

presence of space charge. The corresponding
trajectory in the phase-portrait, Fig (1b), has two
unstable saddle points at (0,0) and (¢@,.x.0)

beside a stable center point at (¢,0) . The trajectory

passing through two unstable saddle points is called
heteroclinic orbit and refers to double layer. On the
other side of @ (@ <0), there exist one stable

center point at (¢,,0) and one unstable saddle point
at (0,0). The orbit going from saddle point

confirms the existence of rarefactive nonlinear
waves. The behavior of the electrostatic potential
#({) and the associated electric field E(&)

(dotted line curve) can be graphically shown as in
Figs (1c) and (1d). Further increasing the Mach
number, the solid curve at M =1.28 shows that
the positive amplitude nonlinear wave is no longer
exist and we are only left with the rarefactive
solitary wave in this plasma configuration.

In addition to the Mach number M, the effect of
dust charge-mass ratio R on the formation and
existence range of nonlinear waves can be also
shown by introducing the bifurcation diagrams, Figs
(2). In Figs (2a) and (2b), the dashed-dot curve at R
= 1.03 and the dashed curve at R = 1.0 reveal that
the coexistence of both compressive and rarefactive
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solitary waves can be observed. On the other side,
when R — 0.96159 (dotted curve) another feature of
special interest arises, where compressive double-
layer and rarefactive solitary wave coexist.
Decreasing further slightly the value of R (R =
0.95), only rarefactive solitary waves may be
observed. The bifurcation curves also illustrate that
the amplitude of the rarefactive solitary waves is
greater than those of compressive solitary waves.
From above, one may conclude that the dust charge-
mass ratio R plays a significant role in formation of
different types of nonlinear waves in this plasma
system. The profiles of the different types of
electrostatic solitary waves and the associated
electric field are graphically shown in Figs (2c) and
(2d), where the amplitude (width) decreases
(increases) as R increases. This implies that the dust
charge-mass ratio R would shrink the formation of
nonlinear solitary waves.

Furthermore, in the same manner the effects of
other configurational plasma parameters can be also
achieved. However, the temperature ratio O and the

electron density ratio g, have the same behavior as
that of the dust charge-mass ratio R, where the
amplitude (width) of the nonlinear solitary waves
decreases (increases) as O and g, increases as

shown in Figs (3) and (4), respectively. In the
contrary, the effect of the ion density ratio z; has
an opposite property, where the amplitude (width)
of the nonlinear waves increases (decreases) with an
increasing in g . This means that the nonlinear

electrostatic solitary waves and the strength of the
associated bipolar electric field get stronger by
increasing 44 , as shown clearly in Fig (5).

Finally, in order to see the impact of quantum
index H., the bifurcation analysis is graphically
plotted, Figs (6), for different values of H. (H. =
0.0, 1.0, 2.0, 3.0) where the other chosen parameters
are M = 125, R = 1.0, 0=6.0, u,=4.0,

#; =2.0. Obviously, this analysis supports the

coexistence of both compressive and rarefactive
solitary waves, where the amplitudes are nearly the
same while the depth of the soliton decreases as H.
increases, as evidently in Figs (6). In addition, the
strength of the associated electric field increases
slightly as H. increases.
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Figure 1 — Nonlinear structure functions at different values

of M for R=1.0,0=6.0, u,=4.0, 1,=2.0, H,=0.3
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Figure 3 — Nonlinear structure functions at different values

of o for M =125,R=1.0, p, =40, y;=2.0, H,=0.3
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Conclusions

In this work, we have considered a four-
component quantum dusty plasma consisting of
positive and negative dust particulates, electrons and
ions that are assumed to be quantum mechanical. In
order to examine the fully arbitrary nonlinear waves
in such plasma model, Sagdeev pseudo-potential
method has been first employed. The inclusion of
the quantum effect makes the mathematical
manipulations difficult task. Therefore, we recall the
bifurcation analysis to achieve this task graphically
rather than analytically. Based on bifurcation
analysis, one may be able to distinguish three types
of nonlinear arbitrary amplitude waves, namely
compressive solitons, rarefactive solitons and
double-layers depending on the magnitude of the
configurational plasma parameters. The effects of
some relevant plasma parameters on the profile of
electrostatic potential @¢({) and the associated

bipolar electric field E({) have been extensively

studied. The nonlinear arbitrary solitary waves get
stronger as the Mach number M and ion density
ratio 44 increase, while the dust charge-mass ratio

R, temperature ratio ¢ and electron density ratio z,

have opposite properties. Additionally, the analysis
reveal that, in a certain plasma configuration, the
coexistence of both compressive and rarefactive
solitary waves occurs, while double-layer and
rarefactive soliton are found to coexist also. The
existence of double-layer provides us the existence
range of compressive waves, for example Mach
number M value of double-layer can be viewed as
the maximum range of compressive solitons. In
other plasma configuration, the analysis shows that
the double-layer is no longer exist and we have left
only with arbitrary amplitude rarefactive solitary
waves. It is also found that the quantum index H,
influence the width of electrostatic potential profile
only, while the amplitude remains nearly the same.
The present results of this work are applicable to
investigate the dynamical characteristics of
nonlinear waves in quantum space dusty plasmas.

Acknowledgements
This paper is dedicated to the spirit of Late Prof.

S. A. El-Wakil, the sol-father of Mansoura
University Theoretical Physics Group.

Int. j. math. phys. (Online)

References

1. Misra A P, Samanta S. “Double-layer shocks
in a magnetized quantum plasma”. Physical Review
82, (2010): 037401 (DOL:
10.1103/PhysRevE.82.037401)

2. Moslem W M, Shukla P K, Ali S,
Schlickeiser R. “Quantum dust-acoustic double
layers”. Physics of Plasmas 14(4) (2007): 042107
(DOI: 10.1063/1.2719633)

3. Sahu B, Sinha A, Roychoudhury R.
“Electron acoustic waves in a 2-electron,
dissipative, quantum magneto plasma”. European
Physical J. Plus 133(9) (2018): 360 (DOI:
10.1140/epjp/i2018-12167-x)

4. Hossen M R, Mamun A A. “Study of
Nonlinear Waves in Astrophysical Quantum
Plasmas”. Brazilian J Physics 45(1) (2015): 200-
205 (DOI: 10.1007/s13538-014-0297-4)

5. Pradhan B, Abdikian A, Saha A.
“Characteristics of supernonlinear and coexistence
features for electron-acoustic waves in an adiabatic
quantum plasma”. European Physical J D 75(2)
(2021): 48 (1-11) (DOI: 10.1140/epjd/s10053-021-
00045-3)

6. Thomas H M, Morfill G E, Fortov V E, Ivlev
AV, Molotkov V 1, Lipaev A M, Hagl T, Rothermel
H, Khrapak S A, Suetterlin R K, Rubin-Zuzic M,
Petrov O F, Tokarev V I, Krikalev S K. “Complex
plasma laboratory PK-3 Plus on the International
Space Station”. New J. Physics 10 (2008):
33036 (DOI: 10.1088/1367-2630/10/3/033036)

7. Fortov V E, Morfill G E. Complex and Dusty
Plasmas: From Laboratory to Space. Florida: CRC
Press, 2009.

8. Pustylnik M Y, Fink M A, Nosenko V,
Antonova T, Hagl T, Thomas H M, Zobnin A V,
Lipaev A M, Usachev A D, Molotkov V I, Petrov O
F, Fortov V E, Rau C, Deysenroth C, Albrecht S,
Kretschmer M, Thoma M H, Morfill G E, Seurig R,
Stettner A, Alyamovskaya V A, Orr A, Kufner E,
Lavrenko E G, Padalka G I, Serova E O,
Samokutyayev = A M, Christoforetti S.
“Plasmakristall-4: New complex (dusty) plasma
laboratory on board the International Space
Station”. Review of Scientific Instruments 87 (2016):
093505 (DOI:.10.1063/1.4962696)

9. Gurevich A V, Istomin Y. Physics of the
pulsar magnetosphere. Cambridge: Cambridge
University Press, 1993

International Journal of Mathematics and Physics 13, Nel, 60 (2022)



Hayam F. Darweesh et al. 73

10. Goldreich P, Julian W H. “Pulsar
electrodynamics”. Astrophysical Journal 157 (2)
(1969): 869-880 (DOI:10.1086/150119)

11. Goertz C K. “Dusty plasmas in the solar
system”. Reviews of Geophysics 27 (1989): 271
(DOI: 10.1029/RG0271002p00271)

12. Havens O, Melandso F, Aslaksen T K,
Nitter T. “Collisionless braking of dust particles in
the electrostatic field of planetary dust rings”.
Physica Scripta 45 (5) (1992): 491

13. Siddique M, Rasheed A, Jamil M, Javid A,
Sumera P. “KdV acoustic structure with exchange-
correlation  potential in  plasmas”. European
Physical J.  Plus 134(6) (2019):263 (DOL:
10.1140/epjp/i2019-12663-5)

14. Miller H R, Witter P J. Active Galactic
Nuclei. Berlin: Springer, 1987.

15. Shukla P K, Mamun A A. Introduction to
dusty plasma physics. Bristol: Institute of Physics
Publishing, 2002.

16. Ou J, Zhao X Y, Lin B B. “Dust charging
and levitating in a sheath of plasma containing
energetic particles”. Chinese Physics B. 27(2)

(2018): 025204 (DOL: 10.1088/1674-
1056/27/2/025204)
17. Mamun A A. “Electrostatic solitary

structures in a dusty plasma with dust of opposite
polarity”. Physical Review E 77(2) (2008): 026406
(DOI: 10.1103/PhysRevE.77.026406)

18. Mannan A, Mamun A A. “Dust-acoustic
solitary waves in a self-gravitating warm opposite
polarity dusty plasma”. Waves Random & Complex
Media (2020) (In Press) (DOLI:
10.1080/17455030.2020.1853849)

19. Bhowmick S, Sahu B. “Propagation of
nonlinear excitations of dust acoustic waves by a
moving  charged object in  superthermal
plasmas”. Indian J Physics (2021) (In Press) (doi:
10.1007/512648-021-02224-9)

20. Khaled M A H, Shukri M A, Hager Y A A.
“Dust acoustic solitons in an opposite polarity dusty
plasma in the presence of generalized polarization
force”. Physics of Plasmas 26(10) (2019): 103702
(DOI: 10.1063/1.5099928)

21. Farooq M, Ahmad M, Jan Q. “Polarization
force in an opposite polarity dusty plasma with
hybrid  Cairns-Tsallis  distributed  electrons”.
Contributions to Plasma Physics 61 (2021):
€202000170 (DOI: 10.1002/ctpp.202000170)

22. Haas F. Quantum  Plasmas: An
Hydrodynamic Approach. New York: Springer-
Verlag, 2011 (DOI: 10.1007/978-1-4419-8201-8)

International Journal of Mathematics and Physics 13, Nel, 60 (2022)

23. Haas F. “An Introduction to Quantum
Plasmas”. Brazilian J Physics 41(4) (2011): 349-
363 (DOI: 10.1007/s13538-011-0043-0)

24. McKerr M, Kourakis I, Haas F. “Freak
waves and electrostatic wave packet modulation in a
quantum electron-positron-ion plasma”. Plasma
Physics & Controlled Fusion 56(3) (2014): 035007
(DOI: 10.1088/0741-3335/56/3/035007)

25. Manfredi G, Hervieux P A, Yin Y,
Crouseilles N. Collective Electron Dynamics in
Metallic and Semiconductor Nanostructures, in:
Massobrio C, Bulou H, Goyhenex C (eds.)
Advances in the Atomic-Scale Modeling of
Nanosystems and Nanostructured Materials. Lecture
Notes in Physics 795 (2010): 1-44 (Springer, Berlin,
Heidelberg) (DOI: 10.1007/978-3-642-04650-6_1)

26. Ludwig P, Balzer K, Filinov A, Stolz H,
Bonitz M. “On the Coulomb-dipole transition in
mesoscopic classical and quantum electron-hole
bilayers”. New Journal of Physics 10(8) (2008):
083031 (DOI: 10.1088/1367-2630/10/8/083031)

27. Markowich, P A., Ringhofer, C A.,
Schmeiser, C. Semiconductor Equations. Vienna:
Springer, 1990. (DOI: 10.1007/978-3-7091-6961-2)

28. Killian T C. “Ultracold Neutral Plasmas”.
Science  316(5825) (2007): 705-708 (DOI:
10.1126/science.1130556)

29. Glenzer S H, Landen O L, Neumayer P,
Lee R W, Widmann K K, Pollaine S W, Wallace R
J, Gregori G, Holl A, Bornath T, Thiele R, Schwarz
V, Kraeft W D, Redmer R. “Observations of
plasmons in warm dense matter”. Physical Review
Letters 98 (2007): 065002 (DOLI:
10.1103/PhysRevLett.98.065002)

30. Harding A K, Lai D. “Physics of Strongly
Magnetized Neutron Stars”. Reports on Progress in
Physics 69 (2006): 2631 (DOI: 10.1088/0034-
4885/69/9/R03)

31. Haas F, Garcia L G, Goedert J, Manfredi G.
“Quantum ion-acoustic waves”. Physics of Plasmas
10(10) (2003): 3858-3866 (DOI: 10.1063/1.1609446)

32. El-Hanbaly A M, Abulwafa E M,
Darweesh H F. “Propagation features of head-on
collision dust acoustic solitary waves in four-
component quantum plasmas”. Waves Random &
Complex Media 30(4) (2020): 704-721 (DOI:
10.1080/17455030.2018.1555382)

33. Gao D-N. “Multi-dimensional Instability of
Dust Acoustic Waves in Magnetized Quantum
Plasmas with Positive or Negative Dust”. Brazilian
J  Physics  51(1) (2021): 66-74 (DOLI:
10.1007/s13538-020-00813-3)

Int. j. math. phys. (Online)



74 Arbitrary amplitude nonlinear waves in a four-component quantum plasma

34. Abulwafa E M, Elhanbaly A M, Mahmoud
A A, Al-Araby A F. “Arbitrary amplitude double-
layers in four-component dusty plasma with g-non-
extensive electrons and ions”. Physics of Plasmas
24(5) (2017): 053704 (DOI: 10.1063/1.4982806)

35. El-Monier S Y, Atteya A. “Bifurcation
Analysis for Dust-Acoustic Waves in a Four-
Component Plasma Including Warm lons”. [EEE
Transactions on Plasma Science 46(4) (2018): 815-
824 (DOI: 10.1109/TPS.2017.2766097)

36. Abulwafa E M, El-Hanbaly A M,
Darweesh H F. “The existence and propagation of
dust acoustic waves in quantum four-component
plasma”. Waves Random & Complex Media (2021)
(In Press) (DOI: 10.1080/17455030.2021.1963007)

37. Chow V W, Mendis D A, Rosenberg M.
“Role of grain size and particle velocity distribution
in secondary electron emission in space plasmas”. J
Geophysical Research 98 (11A) (1993): 19065-
19076 (DOI: 10.1029/93JA02014)

38. Horanyi M, Mendis D A. “The effects of
electrostatic charging on the dust distribution at
Halley's Comet”. Astrophysical J 307(2) (1986):
800-807 (DOI: 10.1086/164466)

39. Mendis D A, Rosenberg M. “Cosmic dusty
plasma”. Annual Review of Astronomy &
Astrophysics 32 (1994):  419-463  (DOI:
10.1146/annurev.aa.32.090194.002223)

40. Rao N N, Shukla P K, Yu M Y. “Dust-
acoustic waves in dusty plasmas”. Planetary &
Space Science 38(4) (1990): 543-546 (DOI:
10.1016/0032-0633(90)90147-1)

41. Law D A, Steet W H, Annaratine B M, Allen J
E. “Probe-induced particle circulation in a plasma
crystal”. Physical Review Letters 80(19) (1998): 4189-
4192 (DOI: 10.1103/PhysRevLett.80.4189)

42. Banerjee G, Maitra S. Dust Ion Acoustic
Solitary Waves in Quantum Dusty Plasmas: A New
Approach to Obtain Sagdeev Potential, in
“Applications of Fluid Dynamics”, Sigh M K,
Kushvah B S, Seth G S, Parkash J (Editors) (2018):
483-494 (DOI: 10.1007/978-981-10-5329-0_35)

43. Chaudhuri S, Chowdhury A R. “Four
component strongly coupled quantum dusty plasma
and generation of dark-bright solitons and double-
layers”. Communications in Nonlinear Science &
Numerical Simulation 75 (2019): 236-250 (DOI:
10.1016/j.cnsns.2018.12.002)

© This is an open access article under the (CC)BY-NC license (https://creativecommons.org/licenses/by-

nc/4.0/). Funded by Al-Farabi KazNU.

Int. j. math. phys. (Online)

International Journal of Mathematics and Physics 13, Nel, 60 (2022)



